During the past decade, graphene has attracted immense interest due to its two-dimensional (2D) nature and intriguing Dirac band structure. It represents a highly tunable model system enabling the controlled study of a rich variety of phenomena that involve both the spin and valley degrees of freedom as relevant for spin-and valleytronics. 1, 2 In addition, the encapsulation of graphene into van der Waals (vdW) heterostructures provides access to proximity effects to engineer the electronic structure, without compromising its structural integrity. [3] [4] [5] [6] [7] For instance, interfacial interaction between graphene and an adjacent material with a strong spin-orbit coupling (SOC) effect can enhance the intrinsically very weak SOC in graphene without inducing undesirable disorder, thus opening up a new venue for spin-based devices. [8] [9] [10] [11] [12] [13] [14] [15] [16] As another relevant proximity effect local spin generation and spin manipulation in graphene is achievable through an adjacent magnetic insulator via the magnetic exchange field. 17, 18 Experimental and theoretical studies on graphene in proximity with magnetic insulators like EuO, EuS, or yttrium iron garnet (YIG) [19] [20] [21] [22] have revealed novel correlated phenomena, such as the observation of a large magnetic exchange field and quantum anomalous Hall gaps.
Besides the above described proximity effects also sizable band hybridization can occur in such heterostructures. In particular, band hybridization signatures at higher binding energies without significant modification of graphene's bands close to the Fermi level have been detected by angle resolved photoemission spectroscopy (ARPES) on graphene/MoS 2 heterostructures. 23 Hybridization at binding energies between 3 and 6 eV causes the formation of several minigaps in the  bands of graphene. 23, 24 While thus far ARPES measurements have been the primary tool to investigate such interfacial hybridization effects, the possibility to detect such effects also in electrical transport measurements when they appear near the Fermi energy would be highly In the present work, we explore modifications to graphene's electronic band structure induced by proximity of the layered 2D material -RuCl 3 . To this end, we resort to magnetotransport over a wide range of magnetic fields and temperatures. -RuCl 3 is a 2D material which recently has attracted considerable attention owing to its close relation to spin liquid systems. 26, 27, 28 Previous studies have revealed that upon cooling below 10 K, the spins in -RuCl 3 eventually get ordered in an in-plane zigzag pattern, corresponding to an antiferromagnetic phase. 29, 30 As outlined in by 'brooming' 23 the bottom hBN layer with contact mode AFM prior to the transfer. In Figure   1b , an AFM image of a surface prepared in such manner is shown. Figure 1c displays an optical micrograph of a finished device. In the following, the electrical transport data recorded on one such device (referred to as device D1) are presented. Similar results were also obtained on a second device (D2), but their discussion is deferred to the Supporting Information. First, the four-terminal resistance of such van der Waals heterostructures has been measured below 100 K where thin sheets of -RuCl 3 that are not proximitized with graphene would become electrically insulating. 31 The dependence of the resistance on both temperature and back The very fast period is indicative of a high carrier concentration as already concluded from the very low zero field resistance (Fig. 2) . A beating pattern is also visible with a node for example near B = 10 T (Fig. 3a) . This suggests contributions to the magnetoconductivity from multiple hidden. In the remainder we will assume antiferromagnetic order as it has also been recently predicted for such a heterointerface. elsewhere. 40 The van der Waals stack consisting of graphene/-RuCl 3 /top hBN was fabricated by the ELVACITE stamp method using motorized x-, y-, and z-stages. The stack was subsequently transferred on top of the Au/hBN area. The pick-up and release of the stack are controlled through adjustment of the substrate temperature. [41] [42] [43] Contrary to previously reported fabrication protocols using an ELVACITE stamp, the ELVCAITE layer is not removed at the final stage in order to prevent a chemical reaction between the acetone, required to remove this layer, and - The density functional theory calculations are carried out with the projected augmented planewave method 44, 45 as implemented in the Vienna ab initio simulation package (VASP). 46 The
Perdew-Burke-Ernzerhof functional of the generalized gradient approximation (GGA) is used for the description of exchange-correlation interactions among electrons 47 , along with the van der Waals corrections that are needed to account for the interaction between graphene and -RuCl 3 . 48 We constructed a slab model with a 15 Å vacuum along the surface normal in which a (5×5) supercell of graphene is placed on a (√3×√3) supercell of -RuCl 3 . The energy cutoff for the plane-wave-basis expansion is set as 400 eV. We adopt the GGA +U scheme to incorporate the correlation effect on the d-shell of the Ru atoms. 34 To effectively reflect the substrate and thickness effects into our calculations, we also applied an external electric field of 50 mV/Å which pins one hole concentration and yields the Dirac point to be around 0.56 eV in energy as estimated in experiment.
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